Biofouling caused by the deposition or growth of microorganisms on the membrane surface is one of the major concerns in nanofiltration (NF) and reverse osmosis (RO) processes. Assimilable organic carbon (AOC) has been a useful index to assess the growth potential of bacteria. In the case of drinking water, the AOC assay method has been widely applied to estimate growth or regrowth potential of bacteria in distribution and storage systems. However, studies on AOC measurement for high salinity water samples such as brackish water and seawater are rather scarce. The objective of this research is to investigate the influence of water salinity on the conventional AOC assay method.
INTRODUCTION
The use of reverse osmosis (RO) and nanofiltration (NF) is increasing in seawater desalination and brackish water treatments (Ebrahim & Therefore, membrane fouling control to prevent flux decline and membrane damage is of paramount importance in the real application of NF and RO processes. The optimal fouling control in the membrane process could be initiated by the precise identification of major foulants. With foulant identification, the accurate estimation of fouling potentials as well as proper selection of pretreatment options could be achieved.
At present, the silt density index (SDI) is commonly used as a parameter for estimating the fouling potentials of feed waters for RO and NF membrane practices. Another common parameter used for estimating the fouling potential of RO and NF feed waters is the modified fouling index (MFI). The MFI is based on cake filtration (i.e. blocking filtration) as it occurs in colloidal fouling (Yu et al. ) .
Biofouling, considered to be the most recalcitrant fouling, is strongly related to the quality of feed water (Flemming et al. ) . . These parameters were also used to test the effectiveness or drawback of other treatment processes regarding water quality (Vrouwenvelder et al. ) .
Coagulation in conjunction with microfiltration (MF) or ultrafiltration (UF) was used as a pretreatment for biofouling control (Ma et al. ) . However, biofouling is hard to remove by these methods. UF, which is efficient for biomass removal from the water, is not sufficient for the absolute prevention of biofouling in NF and RO processes. It was reported that chlorine, used as a chemical disinfectant, degrades humic acids and, consequently, more biodegradable organic matters could be produced (Applegate et al. These results imply that the threshold value for biofouling prevention depends on the test method applied. Therefore, more data collection on biofouling of NF/RO membranes and feed water quality, which are assessed with these bioassays, is needed to establish guidelines for feed water quality to prevent or minimize biofouling. In addition, it may be noted that these parameters such as BFR and AOC are not samples. Furthermore, pre-culture steps for P17 were introduced to adjust it to high TDS condition before being inoculated to samples with high salinity to investigate the adaptation ability of microorganisms in high saline water.
MATERIALS AND METHODS

Preparation of glassware
The vial was washed with tap water with detergent followed by RO grade water and dipped in 0.2 mol/L HCl solution overnight. Then, it was washed at least four times with pure water (18.0 MΩ). The vials were heated at 550 W C for 6 hours. Likewise, teflon-silicon septa for the vials were washed and treated with acid. Caps were thereafter soaked in a 10% sodium persulfate solution at 60 W C for at least 1 hour. Then, they were rinsed three times with DI water and finally air dried.
Reagents and sample treatments
For the mineral salts buffer (MSB) stock solution, the following constituents were dissolved in 1 L of pure water: The plates were placed in a 25 W C incubator for 3-5 days.
Preparation of bacterial inoculums-bacterial strain
The determination of AOC is based on the measurement of the growth of a specific bacterium in the water samples. was measured by spread plate count as CFU unit.
Preparation of the P17 by adjusting in saline conditions
Pre-cultures were prepared from cells of isolated P17 on the R2A agar media containing 2.7 g/L NaCl. P17 colonies were transferred to a 125 mL flask, which contained DI water with 3.5% NaCl amended with mineral buffer, and spiked with 100 μL of sodium acetate stock solution. The flask with the P17 was incubated at 25 W C until maximum growth was reached. The CFU/mL was calculated before inoculation.
The pre-cultures were stored at 4 W C for no more than 1 month.
Relationship between acetate concentration and the maximum growth of P17
By using pre-cultures of P17 adjusted in 3.5% NaCl, the effect of acetate concentration on the linearity of the standard curve was tested. The acetate concentrations added to the 3.5% NaCl solution amended with mineral salt buffer were 0, 25, 50, 75, 100, 250, 500, 750, and 1,000 μg/L. All concentrations were made in duplication and the test was repeated five times. The samples were incubated until the P17 reached maximum growth at 22 W C. The samples with 1.5% NaCl solution were also tested. The overall process was the same with the 3.5% NaCl solution, but the acetate concentrations were 0, 50, 100, 500, and 1,000 μg/L.
Biolog analysis
To compare the metabolism of various low molecular weight organic carbons by P17 and P17 growth in high TDS, a Biolog GN kit was used. The method was modified by dissolving NaCl in the GN-IF solution to reach 3.5% NaCl, to test P17's nutrient versatility in high TDS. The color of the kit turned violet when the P17 could oxidize the certain nutrient that the kit already had. The result was observed by 570 nm absorbance.
RESULTS AND DISCUSSION
Growth of P17 and NOX in fresh water
In order to observe the growth of P17 and NOX in regular conditions (i.e. fresh water TDS level), the growth of both organisms was measured at different acetate concentrations.
The maximum cell production of P. fluorescens P17 and NOX, the growth of P17 was relatively stable, whereas the growth of NOX decreased sharply with a small change of salt concentration. The results showed that P17 was able to live under osmotic stress using available substrates and endure even at the salt concentration above 2.5% NaCl.
Effect of TDS in dilute solution and agar media for HPC
It was possible that the colony number on the plate could be influenced by the salt concentration of the dilute solution and media. The colony forming number was tested with 0.9% and 3.0% PBS (Figure 2 ) and 2.7% NaCl containing R2A agar (Table 1 ). All these results suggested that, within the range of NaCl concentration, the colony number of P17 was not affected by the TDS of dilute solution and media compared with sample water TDS.
High TDS pre-culture of P17 isolated saline agar
Because P17 tends to grow actively in high TDS conditions and P. fluorescens is one of the major biofouling causing bacteria, P17 was grown in 2.7% R2A agar conditions to isolate the colony which survived in high salt conditions. The surviving colony was cultured in the flask containing 3.5%
NaCl. Figure 3 shows the growth rate of the microorganisms. The cultured cell which directly formed stock could not be alive in 3.5% TDS. However, the number of cells isolated from saline agar increased in 3.5% NaCl contained flask. The maximum growth reached around 2.5 × 10 6 CFU/mL after at least 7 days' incubation. The term P17* represents the pre-cultured P17 under high TDS.
Nutrient versatility test applied to biology kit
The Biolog test confirmed the superiority of P17 over P17* growth on 3.5% TDS based on carbon sources supplied by obtained by HPC which used dilute solution of 3.5% NaCl PBS. The results suggest that NOX is excellent in the utilization of carboxylic acids, and that there is a limited overlap in the metabolic potential of the two standard AOC assay organisms.
Determination of acetate concentration and the maximum growth of P17
In order to establish the standard conditions for the use of P17* in AOC measurements, the effect of acetate concentration on the linear relationship between the concentration of the organic carbon and the maximum level of growth (N max ) was investigated. To achieve N max value, P17* was required to be incubated for longer than 8 days (see Figure 4 ).
The acetate concentration and plate count for strain P17* were well correlated with an R 2 value of 0.963 (see Figure 5 ). Five points ranging from 100 to 1,000 μg acetate C/L showed a significant correlation between cell growth and acetate C/L concentration. Below 100 μg acetate, the correlation was very low. As to the seawater, DOC is around 2 mg/L and the AOC is usually 0.1-9% of TOC.
Therefore, this range seems quite suitable for seawater analysis. To convert the growth of cell to AOC value, the relationship between cell growth and acetate concentration was used, and cell yield factors for acetate carbon were calculated. The yield factor (Y) was derived from the slope of a linear plot, calculated from the maximum level of growth (N max ) at different concentrations of acetate added ( Figure 5 ). The samples with 15,000 TDS were also tested with P17 pre-cultured in 15,000 TDS. The result showed that the maximum growth of P17* was also different from that of P17 cultured in fresh water (see Figure 6 ). The yield factor (Y) was also distinguished from the P17 in fresh water and the P17* in 3.5% NaCl samples. This showed that the pre-cultured P17 (P17*) could be used as a model microorganism for AOC measurements for saline water.
CONCLUSIONS
The growth of P17 and NOX, normally used in AOC measurements of drinking water, was clearly affected by TDS concentration and, thus, the conventional AOC measurement method was inappropriate for high saline conditions including brackish water and seawater. The survival rates of P17 and NOX were low when they were directly inoculated from low TDS pre-cultured solution. Especially, the growth of NOX decreased dramatically with increasing TDS. When P17 appeared on R2A agar containing high concentration of NaCl was pre-cultured in 3.5% NaCl solution, the growth of P17 was visibly observed. Using this pre-cultured P17 as inoculum, the growth rate of P17 in the 3.5% NaCl solution sample was recorded at different acetate concentrations. Also, the nutrient versatility of P17 was maintained at high TDS condition, which was further confirmed by the biolog test. With the acetate concentration ranging from 100 to 1,000 μg/L, the growth of P17 clearly showed a linear relationship with acetate concentration. Therefore, it seems that modifying the method such as increasing the TDS of pre-culture and isolating P17 form high saline agar demonstrates a possibility of measuring AOC concentration in high saline water.
By comparing the yield factor of this research to the conventional AOC method available in drinking water
conditions, it has been demonstrated that the factor changed substantially with water salinity. Therefore, it is essential to recalculate the yield factor in order to convert the growth number of P17 in AOC concentration in high saline conditions. The results obtained in this study could be beneficial to the practical application of AOC measurement to brackish water and seawater desalination. Therefore, for better application of the modified AOC method suggested in this study, the use of alternative bacteria from actual seawater is needed for AOC analysis. In addition, the native consortium of microorganisms, or a proper marine organism such as Vibrio harvei (Weinrich et al. ) , would be an alternative for the modified AOC analysis.
